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NGESTIBLE DEVICES FOR MEASURING 
PHYSIOLOGICAL PARAMETERS 

This patent document relates to an ingestible device for 
measuring a physiological parameter from within the body of 
a living entity, and more particularly, to a miniaturized tem 
perature monitoring system applicable for Swallow-able 
medical pills. 

Ingestible pills may be used to monitor patient attributes 
from within a patient’s body, for example, to replace or as an 
adjunct for implanted sensors or less accurate external sen 
sors. Circuitry packaged inside a pass-through ingestible pill 
can be used for continuously monitoring certain patient 
attributes while the pill is still inside the patient. The charac 
teristics of sensing and communication circuitry can often 
restrict the range of application. For example, sensing cir 
cuitry and communication generally requires the use of rela 
tively large batteries to power the circuitry over the time 
period during which the pill is inside the patient, thus increas 
ing the size of the pill. 

Sensor monitoring and communication requirements may 
limit the useful sensing lifetime of the pill within the patient. 
Continuous measurement and transmission of information 
drains the power Supply, which can result in a device becom 
ing prematurely inactive prior to being expelled, particularly 
in those patients having gastric motility disorders. 

Also, there may be difficulties associated with pill storage 
that can reduce the usable lifetime of such pills. Insufficient 
isolation of the power Source from the sensing and commu 
nication circuitry during storage and prior to activation of 
Such devices can drain the power Supply, resulting in a 
reduced lifetime or premature device failure. 
The present invention is directed to overcoming the above 

mentioned challenges and others related to the types of appli 
cations discussed above and in other applications. These and 
other aspects of the present invention are exemplified in a 
number of illustrated implementations and applications, 
Some of which are shown in the figures and characterized in 
the claims section that follows. 

According to an example embodiment of the present inven 
tion, an ingestible apparatus produces and processes physi 
ological signals representative of a physiological parameter. 
The apparatus measures the physiological parameter from 
within the body of a living entity. The apparatus includes a 
physiological transducer circuit to sense the physiological 
signals, a processor to process the physiological signals in 
response to the physiological transducer circuit, and a trans 
mitter that transmits the processed signals during transmis 
sion intervals which are alternated with idle intervals. The 
apparatus further includes a capacitor-based circuit, includ 
ing at least one capacitor, to accumulate sufficient charge 
during one of the idle intervals to Supply power to the trans 
mitter during one of the transmission intervals. 

According to another example embodiment of the present 
invention, systems include one or more ingestible appara 
tuses as described above and a receiver unit to receive signals 
from the transmitter. In some embodiments, multiple ingest 
ible apparatuses can be used to sense respective physiological 
parameters. 

According to another example embodiment of the present 
invention, a method is provided for producing and commu 
nicating physiological signals representative of a physiologi 
cal parameter. The physiological parameter is measured from 
within the body of a living entity using an ingestible appara 
tus. The method includes sensing the physiological signals, 
processing the physiological signals, powering the transmit 
ter, and transmitting the processed signals during transmis 
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2 
sion intervals during which the transmitter is powered by a 
capacitor-based circuit. The method further includes dis 
abling the transmitter and charging the capacitor during idle 
intervals that are alternated with the transmission intervals, 
the capacitor accumulating Sufficient charge during one of the 
idle intervals to Supply power to the transmitter during one of 
the transmission intervals. 
The above summary is not intended to describe each illus 

trated embodiment or every implementation of the present 
invention. 
The invention may be more completely understood in con 

sideration of the following detailed description of various 
embodiments of the invention in connection with the accom 
panying drawings, in which: 

FIG. 1A schematically illustrates a block diagram of circuit 
in accordance with an example embodiment of the present 
invention; 

FIG. 1B schematically illustrates an ingestible device in 
accordance with an example embodiment of the present 
invention; and 

FIG.2 shows a flow chart of steps that may be performed in 
accordance with an example embodiment of the present 
invention. 

While the invention is amenable to various modifications 
and alternative forms, specifics thereof have been shown by 
way of example in the drawings and will be described in 
detail. It should be understood, however, that the intention is 
not to limit the invention to the particular embodiments 
described. On the contrary, the intention is to cover all modi 
fications, equivalents, and alternatives falling within the 
scope of the invention, including that defined by the claims. 
The present invention is applicable to a variety of applica 

tions that make use of remote monitoring of physiological 
parameters, and particularly applicable to measuring tem 
perature from within the body of a living entity. While the 
present invention is not necessarily limited to such applica 
tions, an appreciation of various aspects of the invention is 
best gained through a discussion of examples in Such an 
environment. 

According to an example embodiment of the present inven 
tion, an ingestible device produces and processes physiologi 
cal signals representative of a physiological parameter. The 
device measures the physiological parameter from within the 
body of a living entity. The device is encased by an encapsu 
lation that protects the device, thereby enabling it to be 
inserted into the body of the living entity for measuring and 
communicating signals representative of the physiological 
parameter over a period of time, for example, until the device 
is passed out of the body. In one implementation, the encap 
Sulation is in the shape of a pill and the device is designed to 
be swallowed by the living entity, in which case the encapsu 
lation is a material that is resistive to degradation by the 
digestive tract of the living entity and that is biocompatible 
with the living entity. The device includes a physiological 
transducer circuit that senses the physiological signals repre 
sentative of a physiological parameter measured from within 
the body of a living entity. In one implementation, the physi 
ological transducer circuit includes a temperature sensor that 
measures the temperature of the living entity, such as the 
SE95 digital temperature sensor from NXP Semiconductors, 
and a transmitter that transmits the measured temperature to 
the external receiver. In some implementations, additional 
physiological parameters may be measured by the same 
device or by multiple devices that transmit to the same 
receiver; for example, in communication bursts that are timed 
to mitigate against interference. 
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The device measures the physiological parameter and 
transmits this data during transmission intervals which are 
alternated with idle intervals during which the device is at 
least partially deactivated. The device further includes a 
capacitor-based circuit, including at least one capacitor, that 
Supplies power to the transmitter during at least the transmis 
sion intervals, and that accumulates Sufficient charge during 
one of the idle intervals to power the transmitter during one of 
the transmission intervals. In one implementation, the device 
includes a power Supply, Such as a battery, that is used to 
charge the capacitor during at least the idle intervals. The 
capacitor-based circuit is connected in parallel with the bat 
tery power Supply and the capacitor-based circuit draws a 
Small current from the battery power Supply, thereby charging 
the capacitor-based circuit. The capacitor-based circuit Sup 
plies power during the transmission intervals when more 
current is required, which discharges the capacitor-based cir 
cuit. The device is operated in such a manner that the idle 
intervals are sufficiently longer than the measurement inter 
vals to ensure that the capacitor-based circuit is sufficiently 
charged during one of the idle intervals to provide the trans 
mitter with power during the next measurement interval. 

FIG. 1A shows an apparatus 100 for measuring a physi 
ological parameter from within the body of a living entity 
according to an example embodiment of the present inven 
tion. The apparatus 100 includes a battery 102 that is con 
nected in parallel with start-up circuitry 104 and a capacitor 
based circuit 106. For the purpose of illustration, the 
capacitor-based circuit 106 is shown in FIG. 1A as being a 
single capacitor; however, the capacitor-based circuit 106 can 
include multiple capacitors. The apparatus also includes a 
physiological transducer such as a sensor 108, a processor 
110, a transmitter 112 and an antenna 114. In one implemen 
tation, the sensor 108 can measure various physiological 
parameters including, but not limited to, temperature, pres 
Sure and pH. In certain implementations, the apparatus 100 
includes a separate sensor for measuring each physiological 
parameter, but for the sake of simplicity of illustration only 
one sensor 108 is shown in FIG. 1A. The apparatus 100 
communicates with an external device (not shown) during 
transmission intervals. The capacitor 106 supplies power to 
the transmitter 112 during the transmission intervals and the 
capacitor is recharged by the battery 102 between transmis 
sion intervals. 
The apparatus 100 is surrounded by an encapsulation 150, 

which is shown in FIG. 1B as being shaped like a pill. In one 
implementation, the apparatus 100 (including the encapsula 
tion 150) is sufficiently sized such that it can be easily swal 
lowed by a person. One of skill in the art will recognize that 
the present invention is not limited to a device of Such a size 
and shape or for use only in people. For example, the device 
of present invention could be a variety of different sizes and 
shapes, and the device could be used in a wide variety of 
different types of living entities such as farm animals and lab 
animals. In one implementation, the encapsulation 150 is 
polycarbonate. The encapsulation 150 can be a single piece of 
material or it can be formed from two or more pieces of 
material that are assembled with biocompatible glue. In 
another implementation, the encapsulation is covered with a 
parylene coating. In a further implementation, the encapsu 
lation 150 is a hollow capsule that contains the apparatus 100 
and the capsule is filled with a biocompatible gel or resin. 

In one implementation, the battery 102 has a large internal 
resistance Such that it supplies a current that is too small to 
provide power to the sensor 108 and the transmitter 112, 
whereas the capacitor 106 has a sufficiently low internal 
resistance to Supply power to the sensor and the transmitter. 
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4 
The capacitor 106 can, for example, have a capacitance of 220 
uF. In one implementation, the capacitor 106 is a tank capaci 
tor. The battery can be, for example, a 337 button cell battery 
available from various companies including Energizer and 
Sony, and the apparatus 100 can include one or more of these 
batteries. When the apparatus is in the operating mode, the 
capacitor 106 draws a small current from the battery 102 
which charges the capacitor. During the transmission inter 
vals, when more current is required (e.g., about 1 to 25 mA), 
the capacitor 106 supplies this current and is discharged. The 
capacitor 106 is then recharged from the battery 102 prior to 
the next transmission interval. The sensor 108 and the trans 
mitter 112 can be deactivated in between transmission inter 
vals. 

In one implementation, the processor 112 is a microcon 
troller that has a real time clock system to sequence the 
transmission intervals, such as the P89LPC935 from NXP 
Semiconductors. The power consumption between two trans 
mission intervals is reduced to a few microamperes, allowing 
the apparatus to function for an extended period of time 
before that battery 102 is depleted. 

In certain implementations, the power consumption of the 
apparatus 100 is decreased using a Smart enable. The proces 
sor 110 enables various parts of the apparatus 100, such as the 
sensor 108 and the transmitter 112, only when their functions 
are being used. The sensor 108 and the transmitter 112 are 
switched off or operated in power-down mode when they are 
not in use. For example, the sensor's power Supply line can be 
switched via a MOS transistor allowing it to be disabled when 
not in use, and internal blocks of the transmitter 112 can be 
enabled by the processor 110 only when required. Moreover, 
other low power modes that are used by a smart software 
implementation further reduce power consumption; for 
example, there is short period of time between the start of the 
temperature sensor operation and the time the measurement is 
stable, so the processor 110 can delay activation of the trans 
mitter 112 until an accurate temperature measurement is 
obtained. The processor 110 can also operate in a low-power 
mode during the time periods between transmission intervals 
when the capacitor 106 is being charged. The reduced power 
consumption allows for the use of a small battery 102, which 
enables the apparatus 100 to be placed in a pill shaped encap 
sulation 150 that can be swallowed by a person. For example, 
the pill can have a diameter of about 8 mm and a length of 
about 17 mm. 
The operation of the start-up circuitry 104 will now be 

described. The start-up circuitry 104 allows the apparatus 100 
to be stored for a significant period of time (e.g., at least 
several months), without resulting in a significant loss of 
operating time, by enabling the apparatus to fully stop power 
consumption. During storage, the apparatus 100 is com 
pletely turned off to prevent depletion of the battery 102. An 
external RF start signal is generated to enable the apparatus 
100. The apparatus 100 detects the external RF start signal, 
thereby causing the apparatus to Switch to the operation 
mode. The RF start signal transfers some power to the start-up 
circuit 104 through inductive coupling, thereby enabling the 
processor 110. For example, the RF start signal transfers 
sufficient power to the start-up circuit 104 to switch-on a 
MOS transistor, which causes the battery 102 to begin Sup 
plying power to the capacitor 106. When sufficient charge has 
accumulated on the capacitor 106 to supply power to the 
processor 110, the processor generates an internal power-on 
reset that starts apparatus 100. The apparatus 100 then 
becomes fully under control of the processor 110. The pro 
cessor is also capable of shutting down the apparatus and 
returning it to the storage mode in which power consumption 
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is fully stopped. In one implementation, the transmitter 112 is 
a transceiver that also includes a receiver. The apparatus 100 
can receive instructions, such as a power-down instruction, 
from an external device in this case. 

According to another embodiment of the present invention, 
a plurality ofingestible devices, such as apparatus 100 of FIG. 
1A, can be used in combination with an external receiver. 
Each of the devices communicates with the external receiver 
according to a communications time schedule Such as time 
division multiple access (TDMA). The devices are each 
assigned a predetermined time schedule during which they 
measure a physiological parameter from within the body of a 
living entity, and transmit the measured data to the external 
receiver. The transmission schedules of the devices are such 
that only one of the devices communicates with the external 
receiver. The devices can include an identification signal as 
part of the data transmitted to the external receiver in order to 
identify the device that is providing the data. The time sched 
ules themselves can also be used to identify the device that 
transmitted the data since the devices transmit at predeter 
mined times and only one device is transmitting at a given 
time. In one implementation, all of the devices are placed with 
the body of the same living entity. In this case, the devices 
could all be used to measure the same physiological param 
eter or each device could be used to monitor a different 
physiological parameter. In another implementation, the 
devices could each be placed within the bodies of different 
living entities, thereby enabling a single receiver to be used to 
monitor physiological parameters of multiple living entities. 

FIG. 2 shows a flow chart of a method of producing and 
communicating signals representative of a physiological 
parameter measured from within the body of a living entity, 
according to an example embodiment of the present inven 
tion. An ingestible apparatus, such as apparatus 100 of FIG. 
1A, is used to produce and communicate the signals. The 
ingestible apparatus includes a sensor that measures the 
physiological parameter, a processor that processes the mea 
Sured data, a transmitter, and a capacitor. The method 
includes measuring the physiological parameter in Step 202. 
The measured data is then processed in step 204. The trans 
mitter is then enabled in step 206 by providing power to the 
transmitter from the capacitor and the processed data is trans 
mitted by the apparatus. The transmitter is enabled during 
transmission intervals that alternate with idle intervals during 
which the transmitter is disabled. The transmitter is then 
disabled during the idle intervals in step 208. In one imple 
mentation, the sensor is also enabled during the transmission 
intervals and disabled during the idle intervals. The capacitor 
is then charged during the idle intervals in step 210. The 
capacitor accumulates Sufficient charge during one of the idle 
intervals to Supply power to the transmitter during one of the 
transmission intervals. 

In addition to the above, the various processing approaches 
described herein can be implemented using a variety of 
devices and methods, including general purpose processors 
implementing specialized software, digital signal processors, 
programmable logic arrays, discrete logic components and 
fully-programmable and semi-programmable circuits such as 
PLAS (programmable logic arrays). For example, the above 
algorithms are executed on a microprocessor in connection 
with certain embodiments, and may be implemented as part 
of one or more of the devices shown in the figures. 
The various embodiments described above and shown in 

the figures are provided by way of illustration only and should 
not be construed to limit the invention. Based on the above 
discussion and illustrations, it will be recognized that the 
circuits described herein may be manufactured using stan 
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6 
dard processes and techniques. Those skilled in the art will 
readily recognize that various modifications and changes may 
be made to the present invention without strictly following the 
exemplary embodiments and applications illustrated and 
described herein. Such modifications and changes do not 
depart from the true scope of the present invention. 

What is claimed is: 
1. An ingestible apparatus for producing and processing 

physiological signals, the ingestible apparatus comprising: 
a physiological transducer circuit configured to sense 

physiological signals representative of a physiological 
parameter measured from within a body of a living 
entity; 

a processor, responsive to the physiological transducer cir 
cuit, that is configured to process the physiological sig 
nals to produce processed signals; 

a transmitter configured to transmit the processed signals 
during transmission intervals which are alternated with 
idle intervals; 

a capacitor-based circuit, including at least one capacitor, 
configured to accumulate sufficient charge during one of 
the idle intervals to supply power to the transmitter dur 
ing one of the transmission intervals; 

a power Supply; and 
startup circuitry responsive to an external RF signal con 

figured to permit flow of charge from the power Supply 
to the capacitor-based circuit. 

2. The ingestible apparatus of claim 1, further comprising: 
an encapsulation structure configured to secure therein the 

physiological transducer circuit, the processor, the 
transmitter, and the capacitor-based circuit. 

3. The ingestible apparatus of claim 2, wherein the encap 
Sulation structure is pill shaped and has outer dimensions of 
about 8 mm in diameter and about 17 mm in length. 

4. The ingestible apparatus of claim 1, wherein the capaci 
tor-based circuit includes a tank capacitor. 

5. The ingestible apparatus of claim 1, further comprising: 
an encapsulation structure configured to secure therein the 

physiological transducer circuit, the processor, the 
transmitter, and the capacitor-based circuit, wherein the 
capacitor-based circuit includes a tank capacitor. 

6. The ingestible apparatus of claim 1, wherein the power 
Supply includes a battery. 

7. The ingestible apparatus of claim 1, wherein the trans 
mission intervals are at least an order of magnitude shorter 
than the idle intervals. 

8. The ingestible apparatus of claim 1, wherein the physi 
ological transducer circuit senses the physiological parameter 
during the transmission intervals, the capacitor-based circuit 
further accumulating Sufficient charge during one of the idle 
intervals to Supply power to the physiological transducer 
circuit during one of the transmission intervals. 

9. The ingestible apparatus of claim 1, wherein the appa 
ratus is adapted to be Swallowed by a human being. 

10. The ingestible apparatus of claim 1, wherein the physi 
ological transducer circuit includes a temperature sensor. 

11. The ingestible apparatus of claim 1, wherein the physi 
ological parameter is one of temperature, pressure, and pH. 

12. The ingestible apparatus of claim 1, wherein the trans 
mitter transmits communication bursts in accordance with a 
communication time schedule. 

13. The ingestible apparatus of claim 12, wherein the com 
munication time schedule is Time Division Multiple Access 
(TDMA). 
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14. The ingestible apparatus of claim 1, in which the startup 
circuit is arranged to prevent charging of the capacitor-based 
circuit and operation of the processor prior to activation of the 
apparatus. 

15. The ingestible apparatus of claim 1, wherein the physi 
ological transducer circuit and the transmitter are deactivated 
during the idle intervals. 

16. A method for producing and communicating a physi 
ological parameter measured from within a body of a living 
entity using an ingestible apparatus that includes a physi 
ological transducer circuit that senses physiological signals 
representative of the physiological parameter, a processor 
that produces and processes the physiological signals, a trans 
mitter, and a capacitor-based circuit, the method comprising: 

Sensing the physiological signals by measuring the physi 
ological parameter from within the body of the living 
entity; 

processing the physiological signals to produce processed 
signals: 

powering the transmitter and transmitting the processed 
signals during transmission intervals during which the 
transmitter is powered by the capacitor-based circuit; 

disabling the transmitter and charging the capacitor-based 
circuit responsive to an external RF signal during idle 
intervals that are alternated with the transmission inter 
vals, the capacitor-based circuit accumulating sufficient 
charge from a power supply during one of the idle inter 
vals to supply power to the transmitter during one of the 
transmission intervals; and 

under control of the processor, shutting down the apparatus 
and returning it to a storage mode in which power con 
Sumption is fully stopped. 

17. The method of claim 16, further comprising: 
disabling the transmitter and the physiological transducer 

circuit during each of the idle intervals. 
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18. A system for producing and processing physiological 

signals, the system comprising: 
a receiver unit; and 
at least one ingestible apparatus that further comprises: 

a physiological transducer circuit configured to sense 
physiological signals representative of a physiologi 
cal parameter measured from within a body of a living 
entity; 

a processor, responsive to the physiological transducer 
circuit, that is configured to process the physiological 
signals to produce processed signals; 

a transmitter configured to transmit the processed sig 
nals during transmission intervals which are alter 
nated with idle intervals; and 

a capacitor-based circuit, including at least one capaci 
tor, configured to accumulate sufficient charge during 
one of the idle intervals to supply power to the trans 
mitter during one of the transmission intervals; 

a power supply; and 
startup circuitry responsive to an external RF signal 

arranged to permit flow of charge from the power 
Supply to the capacitor-based circuit. 

19. The system of claim 18, further comprising: 
two or more of the ingestible apparatuses, each configured 

to sense respective physiological signals representative 
of respective physiological parameters. 

20. The system of claim 19, wherein each of the two or 
more ingestible apparatuses is configured to transmit respec 
tive physiological signals according to different time sched 
ules. 

21. The system of claim 19, wherein each of the two or 
more ingestible apparatuses transmit a different apparatus 
identification. 


